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(57) ABSTRACT 

An electronic device can include an inductor overlying a 
shock-absorbing layer. In one aspect, the electronic device 
can include a substrate, an interconnect level overlying the 
substrate, and the shock-absorbing layer overlying the inter 
connect level. The inductor can include conductive traces and 
looped Wires. The conductive traces can be attached to the 
conductive traces over the shock-absorbing layer. In another 
aspect, a process can be used to form the electronic device 
including the inductor. In still another aspect, an electronic 
device can a toroidal-shaped inductor that includes linear 
inductor segments that are connected in series. 
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ELECTRONIC DEVICE INCLUDING AN 
INDUCTOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a divisional application of and claims priority 
under 35 U.S.C. § 120 to US. patent application Ser. No. 
l l/540,6 l 4 entitled “Electronic Device Including an Inductor 
and a Process of Forming the Same,” by Wang, ?led Sep. 29, 
2006, Which is assigned to the current assignee hereof and 
incorporated herein by reference in its entirety. 

BACKGROUND 

[0002] 1. Field ofthe Disclosure 
[0003] The present disclosure relates to electronic devices 
and processes, and more particularly to electronic devices 
including inductors and processes of forming the same. 
[0004] 2. Description of the Related Art 
[0005] Within electronic devices, the formation of transis 
tors, diodes, capacitors, and resistors at least partly Within a 
substrate is conventional. Electronic devices can include 
inductors, but problems can arise. Planar inductors are rela 
tively easy to form but can possess characteristics that are 
undesired. When operating, the planar inductor can generate 
an electromagnetic ?ux that is substantially perpendicular to 
the major surface of the substrate. In an attempt to reduce 
adverse affects, a high resistivity substrate can be used. HoW 
ever, a high resistivity substrate is not as good an alternative 
because it affects the electrical properties of the transistors 
and resistors, and could result in unacceptable parasitic 
effects. As another alternative, a radio-frequency (“RF”) 
shield can be used. The RF shield can be a solid sheet that 
re?ects electromagnetic radiation but inductive cross cou 
pling betWeen the inductor and the solid metal sheet can 
induce eddie currents Within the solid metal sheet and cause 
electrical loss into the RF re?ecting solid metal sheet. 
[0006] Non-planar inductors can be used. A non-planar 
inductor can include a plurality of spaced-apart conductive 
traces that are electrically connected by Wire bonds. The 
spaced-apart conductive traces are formed at the same inter 
connect level as the bonding pads of the die that are Wire 
bonded to conductive leads of a packaging substrate. Thus, 
the spaced-apart conductive traces are formed on an inorganic 
insulating layer that overlies other inorganic insulating layers 
and the die substrate. The conductive traces are about the 
same thickness as the bonding pads, Which may be in a range 
of about 0.5 to 1 micron thick. Wires are then bonded to 
adjacent conductive traces. The bonds betWeen the conduc 
tive traces and the Wires are made over inorganic insulating 
layers. A Wedge Wire bond process used to form the non 
planar inductor is believed to be adequate by many skilled 
artisans if bond pad thickness Would be greater than 1 micron. 
HoWever, a conventional ball Wire bond process can damage 
the brittle, inorganic insulating layers underneath the second 
ary bond pads leading to yield loss and complex Wirebond 
process control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Embodiments are illustrated by Way of example and 
are not limited in the accompanying ?gures. 
[0008] FIG. 1 includes an illustration of a top vieW of a 
Workpiece after forming openings that expose bonding pads 
and interconnects. 
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[0009] FIG. 2 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 1 at the location indicated by 
the dashed circle in FIG. 1. 
[0010] FIG. 3 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 1 along sectioning line 3-3 in 
FIG. 1. 
[0011] FIG. 4 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 3 after forming an adhesion/ 
barrier layer and a seed layer. 
[0012] FIGS. 5 and 6 include illustrations of a top vieW and 
a cross-sectional vieW, respectively, of the Workpiece of FIG. 
4 after forming a patterned layer over the seed layer and 
forming the conductive layer Within openings of the patterned 
layer. 
[0013] FIG. 7 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 6 after removing the patterned 
layer and removing exposed portions of the seed and barrier 
layers. 
[0014] FIG. 8 includes an illustration of a top vieW of the 
Workpiece of FIG. 7 after attaching Wires. 
[0015] FIG. 9 includes an illustration of a cross-sectional 
vieW of a Wire bonded onto a primary pad portion and a 
secondary pad portion. 
[0016] FIG. 10 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 8 along sectioning line 10-10 in 
FIG. 8. 
[0017] FIG. 11 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 10 at the location in FIG. 2, 
after forming a non-planar inductor. 
[0018] FIGS. 12 and 13 include illustrations of top vieWs of 
a toroidal-shaped inductor after forming conductive traces in 
FIG. 12 and after attaching Wires in FIG. 13. 
[0019] Skilled artisans appreciate that elements in the ?g 
ures are illustrated for simplicity and clarity and have not 
necessarily been draWn to scale. For example, the dimensions 
of some of the elements in the ?gures may be exaggerated 
relative to other elements to help to improve understanding of 
embodiments of the invention. 

DETAILED DESCRIPTION 

[0020] An electronic device can include an inductor over 
lying a shock-absorbing layer. In one aspect, the electronic 
device can include a substrate, an interconnect level overlying 
the substrate, and the shock-absorbing layer overlying the 
interconnect level. The interconnect level can include a ?rst 
interconnect and a second interconnect, and the shock-ab 
sorbing layer can include a ?rst opening over the ?rst inter 
connect and a second opening over the second interconnect. 
The inductor can include conductive traces and at least one 
looped Wire. The conductive traces can include a ?rst con 
ductive trace and a second conductive trace. A ?rst via pad 
portion of the ?rst conductive trace can extend to the ?rst 
opening of the shock-absorbing layer and be electrically con 
nected to the ?rst interconnect, and a primary pad portion of 
the ?rst conductive trace can overlie the shock-absorbing 
layer. A secondary pad portion of the second conductive trace 
can overlie the shock-absorbing layer, and a via portion of the 
second conductive trace can extend to the second opening of 
the shock-absorbing layer and be electrically connected to the 
second interconnect. A ?rst looped Wire of the at least one 
Wire is attached to the primary pad portion of the ?rst con 
ductive trace. The ?rst looped Wire or a second looped Wire of 
the at least one Wire is attached to the secondary pad portion 
of the second conductive trace. 
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[0021] In still another second aspect, an electronic device 
can be a toroidal-shaped inductor that includes linear inductor 
segments that are connected in series. 
[0022] Embodiments as described herein can be used to 
provide bene?ts that overcome the problems With conven 
tional structures and processes. The shock-absorbing layer 
reduces the likelihood of damaging underlying electronic 
components and inorganic insulating layers during a Wire 
bond operation When forming an overlying inductor. Conduc 
tive traces for the inductor can be signi?cantly thicker than the 
bonding pads and interconnects at levels beloW the passiva 
tion layer Within the electronic device. The additional thick 
ness, particularly of a malleable material, such as copper or 
gold, can further help in absorbing mechanical shock during 
a Wire bonding operation and reduce the likelihood of frac 
turing underlying inorganic insulating layers. The thicker 
metal also reduces electrical resistance, carries higher cur 
rent, and forms better inductors. The layout of the inductors 
can be oriented to alloW for a faster Wire-bond operation. 
None or feWer die rotations may be needed When performing 
the Wire-bond operation. 
[0023] Before addressing details of embodiments 
described beloW, some terms are de?ned or clari?ed. The 
term “bonding pads” is intended to regions of interconnects, 
or other conductive traces that are used as electrical connec 
tion points betWeen a die and other conductors outside the 
dies (e.g., conductive leads of a packing substrate). 
[0024] The term “die substrate” is intended to mean a base 
material for a die. An example of a die substrate includes a 
quartz plate, a monocrystalline semiconductor Wafer, a semi 
conductor-on-insulator Wafer, etc. 
[0025] The term “linear inductor” is intended to mean an 
inductor that includes conductive traces, Wherein the lengths 
of the conductive traces are substantially parallel to one 
another, and the lengths of the Wires are substantially parallel 
to one another, or both. The term “linear inductor segment” is 
intended to mean a portion of an inductor, not necessarily a 
linear inductor, Wherein such portion includes conductive 
traces having the lengths that are substantially parallel to one 
another, and the looped Wires are substantially parallel to one 
another and in line With bond pad orientation. 
[0026] The term “major surface” is intended to mean a 
surface of a substrate or a layer overlying the substrate or a 
portion of the substrate or layer from Which a transistor is 
subsequently formed. The major surface may be an original 
surface of a base material before forming any electronic com 
ponents or may be a surface of the semiconductor layer that 
overlies the base material. For example, an exposed surface of 
a semiconductor layer of a semiconductor-on-insulator sub 
strate can be a major surface, and not the original surface of 
the base material. 
[0027] The term “organic,” When referring to a layer or 
material, is intended to mean such layer or material princi 
pally includes molecules having carbon, hydrogen, and 
potentially another element, such as nitrogen, oxygen, sulfur, 
or the like. For the purposes of this speci?cation, organic and 
inorganic are mutually exclusive With respect to a layer or 
material. For example, if a layer in not organic, the layer is 
inorganic. An example of an inorganic layer is a carbon 
doped silicon dioxide layer, as the layer principally includes 
SiO2 molecules. 
[0028] The term “packaging substrate” is intended to mean 
a substrate of an electronic device used to protect a die and 
provide electrical connections betWeen the die and a location 
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external to the electronic device. A packaging substrate can 
include a lead frame or other conductive traces used for rout 
ing voltages or signals to or from the die. 

[0029] The term “passivation layer” is intended to mean an 
inorganic layer that is formed after forming an interconnect 
level having bonding pads for an electronic device. The bond 
ing pads are not part of the passivation layer, itself. 
[0030] The term “pitch” is intended to mean a sum of a 
Width of a feature and a space betWeen tWo adjacent features 
at the substantially the same level or elevation Within an 
electronic device. 

[0031] The term “primary bond,” When referring a Wire 
bonding operation, is intended to mean the ?rst bond formed 
betWeen a Wire and at a bonding region, and the term “sec 
ondary bond,” When referring the Wire-bonding operation, is 
intended to mean the second bond formed betWeen the Wire 
and a different bonding region (i.e., after forming the primary 
bond). In a conventional Wire-bonding operation for an inte 
grated circuit, the primary bonds are bonded to bonding pads 
of a die, and the secondary bonds are bonded to conductive 
traces (e.g., leads) of a packaging substrate. 
[0032] Further, unless expressly stated to the contrary, “or” 
refers to an inclusive or and not to an exclusive or. For 

example, a condition A or B is satis?ed by any one of the 
folloWing: A is true (or present) and B is false (or not present), 
A is false (or not present) and B is true (or present), and both 
A and B is true (or present). 
[0033] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. All publications, patent applications, 
patent, and other references mentioned herein are incorpo 
rated by reference in their entirety. In case of con?ict, the 
present speci?cation, including de?nitions, Will control. In 
addition, the materials, methods, and examples are illustra 
tive only and not intended to be limiting. 
[0034] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description, and from 
the claims. 

[0035] To the extent not described herein, many details 
regarding speci?c materials, processing acts, and circuits are 
conventional and may be found in textbooks and other 
sources Within the semiconductor and microelectronic arts. 

[0036] FIGS. 1 to 3 include illustrations of a die 10 after 
forming an inorganic passivation layer and a shock-absorbing 
layer. FIG. 1 includes a top vieW, FIG. 2 includes a cross 
sectional vieW of a portion of the die 10, as illustrated by the 
dashed circle in FIG. 1, and FIG. 3 includes a cross-sectional 
vieW along sectioning line 3-3 in FIG. 1. 
[0037] FIG. 1 illustrates the positional relationships 
betWeen bonding pads 12, an interconnect 14, and an inter 
connect 16. The bonding pads 12 Will be subsequently elec 
trically connected to a lead frame or other conductive traces of 
a packaging substrate (not illustrated in FIG. 1). The inter 
connect 14 and the interconnect 16 provide electrical connec 
tions for a subsequently-formed inductor. Other intercon 
nects can be present but are not illustrated in FIG. 1. Other 
than a subsequently-formed inductor, a ?nal interconnect 
level of the die 10 includes the bonding pads 12, the intercon 
nection 14, the interconnect 16, and potentially the other 
interconnects (not illustrated in FIG. 1). Each of the bonding 
pads 12, the interconnect 14, and the interconnect 16 are 
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electrically connected to electronic components (e. g., transis 
tors, resistors, capacitors, or any combination thereof) Within 
the die 10. 

[0038] FIG. 2 illustrates a portion of the die 10 including a 
die substrate 200 having a Well region 202 and ?eld isolation 
regions 204 formed therein. In one embodiment, the die sub 
strate 200 can include an electronic device substrate, such as 
a ?at panel substrate, a semiconductor device substrate, or 
another conventional substrate used for forming electronic 
devices. In one particular embodiment, the die substrate 200 
can include a bulk semiconductor Wafer (illustrated in FIG. 2) 
or a semiconductor-on-insulator substrate (not illustrated). In 
another particular embodiment, the die substrate 200 may 
have a resistivity no greater than approximately 14 ohm-cm. 
In a further particular embodiment, the die substrate 200 and 
the Well region 202 have opposite conductivity types. The 
?eld isolation regions 204 help to electrically insulate elec 
tronic components, such as a transistor 22 and a transistor 23, 
from one another. 

[0039] As illustrated in the embodiment of FIG. 2, each of 
the transistor 22 and the transistor 23 includes a gate dielectric 
layer (222, 232), a gate electrode (224, 234), and doped 
regions (226, 236). The doped regions can act as source/drain 
regions for the transistors 22 and 23. Otherpossible electronic 
components, including resistors, diodes, capacitors, other 
transistors, a microelectronic mechanical system, opto-elec 
tronics, a compound semiconductor device, or any combina 
tion thereof, may be present but are not illustrated in FIG. 2. 
The die 10 also includes an insulating layer 244, contact plugs 
246, another insulating layer 254, interconnects 256, a passi 
vation layer 264, and a shock-absorbing layer 274. 
[0040] The materials and formation of die 10 through for 
mation of the passivation layer 264 are conventional or pro 
prietary. Any of the insulating layers and the passivation layer 
264 can be inorganic and include silicon dioxide, silicon 
nitride, silicon oxynitride, or the like. Any of the insulating 
layers and the passivation layer 264 may or may not be doped 
With boron, phosphorous, carbon, ?uorine, another suitable 
dopant for an insulating layer, or any combination thereof. 
Note that a carbon-doped silicon dioxide layer is considered 
an inorganic layer for the purposes of this speci?cation 
because the layer is principally silicon dioxide. Any of the 
insulating layers and the passivation layer 264 can include 
one ?lm or more than one ?lm. When the insulating layers and 
the passivation layer 264 are inorganic layers, they are rela 
tively brittle and easy to fracture, particularly if any of the 
insulating layers includes voids (e.g., to loWer the dielectric 
constant of the insulating layer). 
[0041] FIG. 3 includes an illustration of a cross-sectional 
vieW that includes the interconnect 16. To simplify under 
standing, only the insulating layer 254 and higher points of 
the die 10 (farther from the major surface of the die substrate 
200) are illustrated. Referring to FIG. 3, the passivation layer 
264 is formed over insulating layer 254 and the ?nal inter 
connect level, including the interconnect 16. The passivation 
layer 264 can act as a moisture and mobile-ion barrier for the 
die 10, and thus, the passivation layer 264 is an inorganic 
layer. In one embodiment, the passivation layer 264 includes 
a layer of chemically vapor deposited (CVD) silicon nitride 
overlying a ?lm of CVD phosphosilicate glass (PSG) overly 
ing a plasma enhanced CVD silicon dioxide hard mask ?lm. 
The passivation layer 264 has a thickness in a range of 
approximately 300 to 900 nanometers. In another embodi 
ment, the passivation layer 264 can include a single ?lm or a 
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different combination of ?lms, Wherein each of the ?lms may 
have a composition that is the same or different or may have 
the same or different thicknesses, as compared to the particu 
lar embodiment previously described. The passivation layer 
264 is patterned using conventional or proprietary litho 
graphic process to de?ne passivation openings that expose 
portions of the bonding pads 12 (not illustrated in FIG. 3), the 
interconnect 14 (not illustrated in FIG. 3), and the intercon 
nect 16 in FIG. 3. 

[0042] The shock-absorbing layer 274 is formed over the 
passivation layer 264, the bonding pads 12, the interconnect 
14, and the interconnect 16. The shock-absorbing layer 274 
can be an organic layer capable of being subjected to subse 
quent thermal cycles used in Wire bonding or other packaging 
operations (e.g., solder re?oW, die bonding, etc.). The shock 
absorbing layer 274 has aYoung’s modulus of elasticity less 
than (i.e., more elastic than) the passivation layer 264, and 
potentially, any or all of the other underlying insulating layers 
(e.g., the insulating layer 244 or the insulating layer 254). In 
one embodiment, the shock-absorbing layer 274 can include 
polyimide, polyamide, benZocyclobutene, polybenZoxaZole, 
another suitable organic polymer material, or any combina 
tion thereof. 

[0043] The shock-absorbing layer 274 can be formed by 
depositing (e.g., coating) a layer of an appropriate material. 
The shock-absorbing layer 274 should have a thickness suf 
?cient to absorb shock and reduce the likelihood of fracturing 
the passivation layer 264 or underlying insulating layers dur 
ing a subsequent Wire-bond operation When forming an 
inductor. In one embodiment, the thickness of the shock 
absorbing layer 274 is at least approximately 1 pm, and in 
another embodiment, is at least approximately 3 pm. While 
no upper theoretical limit is knoWn for the shock-absorbing 
layer 274, practical limits may be determined by manufactur 
ing constraints. For example, if the shock-absorbing layer 274 
is too thick, patterning the shock-absorbing layer 274 or 
making electrical connections through openings Within the 
shock-absorbing layer 274 can become dif?cult. In one 
embodiment, the shock-absorbing layer 274 has a thickness 
no greater than approximately 9 pm, and in another embodi 
ment, no greater than approximately 5 pm after cure. 

[0044] In a particular embodiment, the shock-absorbing 
layer 274 includes a photo-imageable layer of polyimide 
coated using a conventional or proprietary spin-on process. 
The polyimide layer can be developed or etched using con 
ventional or proprietary processing to de?ne openings, such 
as opening 32, through Which electrical connections to the 
bonding pads 12, the interconnect 14, and the interconnect 16 
Will be subsequently made. If necessary or desired, the shock 
absorbing layer 274 can be cured at a temperature up to 
approximately 350 degrees Celsius to release a volatile 
organic component, moisture, or any combination thereof. An 
optional plasma ashing process canbe used to remove organic 
residue from the exposed surfaces of the bonding pads 12, the 
interconnect 14, and the interconnect 16 and roughen the 
exposed surface of the shock-absorbing layer 274. 
[0045] The process sequence of forming conductive traces 
for an inductor can begin. FIG. 4 includes a cross-sectional 
vieW of the Workpiece after forming an adhesion/barrier layer 
42 and a seed layer 44 over the shock-absorbing layer 274. In 
one embodiment, the Workpiece is ?rst sputter cleaned fol 
loWed by the deposition of the adhesion/barrier layer 42 using 
a conventional sputtering deposition method. In one embodi 
ment, the adhesion/barrier layer 42 includes a layer of tita 
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nium tungsten having a thickness in a range of approximately 
150 to approximately 350 nm. In another embodiment, the 
adhesion/barrier layer 42 includes titanium, titanium nitride, 
nickel vanadium, chromium, or any combination thereof. The 
seed layer 44 is deposited over the adhesion/barrier layer 42. 
In one embodiment, the seed layer 44 includes a layer of 
sputter deposited gold having a thickness in a range of 
approximately 150 to approximately 600 nm. In another 
embodiment, another thickness for the adhesion/ barrier layer 
42, the seed layer 44, or both may be thicker or thinner than 
the exemplary ranges. In still another embodiment, another 
conductive metal, such as copper, Which may include alloying 
elements, such as magnesium, indium, tin, chromium, Zinc, 
silver, Zirconium, palladium, titanium, iron, niobium, mag 
nesium, or the like, can be used as the seed layer 44. In one 
embodiment, the sputter preclean, the adhesion/barrier layer 
42 deposition, and the seed layer 44 deposition are all sequen 
tially performed inside the same processing tool, although 
this is not a requirement. Depending on the period of time 
betWeen the ?nal processing When forming the shock-absorb 
ing layer 274, as patterned, and formation of adhesion/barrier 
layer 42 and seed layer 44, a dehydration bake step can be 
incorporated to remove absorbed moisture from the shock 
absorbing layer 274 to reduce the likelihood of the conductive 
traces subsequently delaminating from the shock-absorbing 
layer 274. 
[0046] FIGS. 5 and 6 include illustrations of a top vieW and 
a cross-sectional vieW, respectively, of the Workpiece after 
forming a patterned layer 50 and forming a conductive layer 
60 Within the openings of the patterned layer for conductive 
pads 51, a conductive trace 52, a conductive trace 54, con 
ductive traces 56 and a radio-frequency (“RF”) shielding 
element 58. The patterned layer 50 includes openings that 
corresponds to the pattern of (i) the conductive pads 51 (over 
lying the bonding pads 12, not illustrated in FIG. 5), (ii) the 
conductive trace 52, (iii) the conductive trace 54, (iv) the 
conductive traces 56 that are intermediate With respect to the 
conductive traces 52 and 54, and (v) conductive traces that are 
part of the RF shielding element 58. 
[0047] The conductive pads 51 are relatively thicker than 
the underlying bonding pads 12 (not illustrated in FIG. 5) and 
can include a malleable material. The malleable material and 
increased thickness of the conductive pads 51 help to reduce 
damage to underlying layers When Wires are subsequently 
bonded to the conductive pads 51. In another embodiment 
(not illustrated), the patterned layer 50 may cover the bonding 
pads 12, in Which case, the conductive pads 51 are not formed 
[0048] As illustrated, the conductive trace 52 includes a via 
portion 522, a primary pad portion 524, and an intermediate 
portion 526; the conductive trace 54 includes a secondary pad 
portion 542, a via portion 544, and an intermediate portion 
546; and the conductive traces 56 includes primary pad por 
tions 562, secondary pad portions 564, and intermediate por 
tions 566. In one embodiment, the intermediate portions are 
buses betWeen the different pad portions of the same conduc 
tive trace. The intermediate portions may be narroWer, as 
Wide, or Wider than their corresponding primary and second 
ary pad portions. 
[0049] The via portion 522 of the conductive trace 52 is 
electrically connected to the interconnect 14 (illustrated in 
FIG. 5 by a dashed line), and the primary pad portion 524 of 
the conductive trace 52 overlies the shock-absorbing layer 
274. The secondary portion 542 of the conductive trace 54 
overlies the shock-absorbing layer 274, and the via portion 
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544 of the conductive trace 54 is electrically connected to the 
interconnect 16 (illustrated in FIG. 5 by a dashed line). The 
conductive trace 52 and the conductive trace 54 offset the 
electrical connections of the inductor so that subsequently 
attached Wires are not bonded directly over the interconnect 
14 and the interconnect 16. In a particular embodiment, all 
subsequently-formed bonds for the inductor during a Wire 
bonding operation can be made over the shock-absorbing 
layer 274, rather than directly over the interconnect 14 and the 
interconnect 16 or directly on the passivation layer 264. 

[0050] As illustrated in the embodiment of FIG. 5, the 
lengths of the conductive traces 56 are substantially parallel 
to one another. In one embodiment, the lengths of the con 
ductive traces 56 are angled (With respect to the edges of the 
die 10) to alloW for straight and easier Wire bonding, Which 
Will be described later in this speci?cation. The intermediate 
portions 566 may be narroWer, the same Width, or Wider than 
the primary pad portions 562 and the secondary pad portions 
564. In one embodiment, the secondary pad portions 564 are 
larger than the primary pad portions 562, and in a particular 
embodiment, the secondary pad portions 564 occupy at least 
10% more area than the primary pad portions 562. In another 
embodiment, the primary pad portions 562 may be occupy the 
same or more area than the secondary pad portions 564. 

[0051] From a top vieW, the primary pad portions 562 and 
the secondary pad portions 564 can be rectilinear (e.g., square 
or rectangular), hexagonal, octagonal, circular, oval, ellipsoi 
dal, or the like. In a particular embodiment, the secondary pad 
portions 564 are octagonal, and the primary pad portions 562 
are not octagonal. For example, the shape of the primary pad 
portions 562 can be rectangular and can be oriented to be in 
line With the secondary pad portions 564. The relative orien 
tation of the primary pad portions 562 as being in line With the 
secondary pad portions 564 alloW for easier bonder set-up, 
feWer bond defects (as electrical shorts betWeen subse 
quently-formed Wires and adjacent pads), plus faster Wire 
bonding times. In another embodiment, the primary pad por 
tions 562 and secondary pad portions 564 can be square 
(easier to layout), octagonal (approximating circular pad 
shape), circular, or any combination thereof. Staggering the 
secondary pad portions 564 results in different Wire lengths 
for the conductive traces 56 but may reduce the Wire pitch. 

[0052] In a particular embodiment, the secondary pad por 
tions 564 are octagonal, and the primary pad portions have a 
different shape, such as a square. In one embodiment, all of 
the conductive traces 56 overlie the shock-absorbing layer 
274, and in a particular embodiment, lie on and contact the 
shock-absorbing layer 274. From a top vieW of the conductive 
traces 56, the primary pad portions 562 that are oriented along 
a substantially straight line, and secondary pad portions 564 
that are oriented in a staggered formation. The layout can 
alloW for different siZed padportions to be used. For example, 
in FIG. 5, the pitches for the primary and secondary pad 
portions canbe substantially the same (e.g., approximately 50 
pm for approximately 20 um diameter Wires); hoWever, the 
primary pad portions 562 may be smaller than the secondary 
pad portions 564. In a particular embodiment, a pitch of 
approximately 54 um may be used for subsequently bonded 
Wires having a diameter of approximately 21 pm. After read 
ing this speci?cation, skilled artisans Will appreciate that the 
pitches and feature siZes for the primary and secondary pad 
portions may be a function of the Width of the subsequently 
formed Wires. 
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[0053] The RF shielding element 58 can electrically ?oat or 
be electrically connected to a substantially constant voltage 
source. In the embodiment as illustrated in FIG. 5, the RF 
shielding element 58 is in the shape of a grid having spaces 
that are no greater than approximately 1A of the designed 
operating Wavelength of the RF signals, noise, or a combina 
tion thereof. For example, if the RF shielding element 58 is 
designed to operate at approximately 1 GHZ, then the pitch of 
the grid is approximately 100 um, and if the RF shielding 
element 58 is designed to operate at approximately 10 GHZ, 
then the pitch of the grid is approximately 10 pm. In another 
embodiment, the spaces can be smaller than approximately 1A 
of the operating Wavelength, even doWn to 1/1000 of the oper 
ating Wavelength. The signi?cance of the grid Will be 
explained later in this speci?cation. In still other embodi 
ment, the RF shielding element 58 may be a substantially 
solid sheet (not illustrated) having a shape covering most of 
the die surface not required for the bonding pads 12 or the 
inductor being formed. In still another embodiment (not illus 
trated), the RF shielding element 58 does not have to be a 
single piece of material. For example, the RF shielding ele 
ment could include spaced-apart strips, a plurality of spaced 
apart grids, have other shapes (as described in another 
embodiment later in this speci?cation), or any combination 
thereof In a further embodiment, the RF shielding element 58 
can be segmented and can be as e?icient as a solid metal sheet 
to re?ect electromagnetic noises. Unlike a solid metal sheet, 
a segmented grid can result in l) a shorter plating time plus a 
loWer cost to electroplate less material (e.g., gold) on die 
surface, and 2) less inductive loss that Would occur from 
cross-coupling of inductor creating eddie current Within con 
tinuous metal sheets, thus resulting in loWer Q inductors. 
Additional RF shielding using an interconnect layer can be in 
the form of a solid plate, a segmented plate, or patterned grid 
directly underneath the inductor (including the conductive 
traces 52, 54, and 56) may be incorporated to form additional 
electrical ?eld shielding. 
[0054] Attention is noW directed to forming the conductive 
pads 51, the conductive traces 52, 54, 56, and the RF shielding 
element 58. The patterned layer 50 acts as a template corre 
sponding to the shapes of the conductive pads 51, the con 
ductive traces 52, 54, 56, and the RF shielding element 58. In 
one embodiment, the patterned layer 50 includes a resist layer 
overlying the seed layer 44. The resist layer is as thick or 
thicker than a subsequently deposited metal ?lm. The resist 
layer can have a thickness is in a range of approximately 2 to 
50 pm. In a particular embodiment, the resist layer may 
include one or more radiation imageable ?lms, and the resist 
layer has a thickness in a range of approximately 4 to 40 pm. 
In another embodiment, a different material may be used. For 
example, the patterned layer can include an inorganic insu 
lating material, such as undensi?ed CVD or PVD glass. A 
conventional or proprietary patterning process can be used to 
de?ne the openings corresponding to the conductive pads 51, 
conductive traces 52, 54, 56, and the RF shielding element. At 
this point in the process, the patterned layer 50 has been 
formed. Portions of the seed layer 44 are exposed along the 
bottom surfaces of the openings Within the patterned layer 50. 
[0055] A conductive layer 60 is formed Within the openings 
in the patterned layer 50 and over the seed layer 44, as illus 
trated in FIG. 6. The thickness of the conductive layer 60 may 
be varied. In theory, there are no limits on the thickness of the 
conductive layer 60; hoWever, practical considerations may 
be used in determining the thickness. When electrical prop 
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erties are considered, the conductive layer 60 can have a 
thickness of at least approximately 1 pm, at least approxi 
mately 2 pm, at least approximately 4 pm, or greater. In a 
particular embodiment, the conductive layer 60 is thicker than 
the bonding pads 12, the interconnect 14, and the interconnect 
16. 

[0056] Processing considerations may provide a practical 
upper limit on the thickness of the conductive layer 60. The 
conductive layer 60 should not be so thick that any tWo 
different conductive structures (i.e., any tWo or more of the 
conductive pads 51, conductive traces 52, 54, 56, or the RF 
shielding element 58) are electrically shorted to each other. 
Therefore, the conductive layer 60 should not have a thick 
ness greater than the thickness of the patterned layer 50. Thus, 
the thickness of the conductive layer 60 can be limited by hoW 
thick the patterned layer 50 can be formed. In another 
embodiment, the thickness of the conductive layer 60 may be 
no greater than approximately 30 um, no greater than 
approximately 20 pm, or thinner. In a particular embodiment, 
the conductive layer has a thickness in a range of approxi 
mately 4 to approximately 16 pm. 
[0057] In one embodiment, the conductive layer 60 is a gold 
?lm deposited using a conventional electroplating process. 
Alternatively, electroless plating may be used to deposit the 
conductive layer 60. The conductive layer 60 may altema 
tively be formed using copper, or may include alloying ele 
ments, such as magnesium, indium, tin, chromium, Zinc, sil 
ver, Zirconium, palladium, titanium, iron, niobium, 
magnesium, or the like. In yet another embodiment, the con 
ductive layer 60 may include a plurality of conductive ?lms, 
such as copper/nickel/gold, copper/nickel/ palladium, or 
combinations thereof. 
[0058] FIG. 7 includes an illustration of a cross-sectional 
vieW of the electronic device after forming the conductive 
pads 51, conductive traces 52, 54, 56, and the RF shielding 
element 58. The patterned layer 50 (not illustrated in FIG. 7), 
exposed portions of the seed layer 44, and underlying por 
tions of the adhesion/barrier layer 42 are removed. The pat 
terned layer 50 can be removed using conventional or propri 
etary resist stripping processes. For example, using an 
oxygen-containing plasma ash process or a Wet chemical 
process. The exposed portions of seed layer 44 is removed 
With a potassium iodide gold etchant using a spray acid tool 
or, alternatively, in an agitated bath. Exposed portions of 
adhesion/barrier layer 42 can then be stripped using hot 
hydrogen peroxide. The removal process can be tailored to 
the actual materials used. In one embodiment, an optional 
oxygen-containing ash processing step can be incorporated to 
clean exposed surfaces of the shock-absorbing layer 274 to 
reduce the likelihood of an electrical short or a leakage path 
betWeen any of the conductive pads 51, conductive traces 52, 
54, 56, and the RF shielding element 58. 
[0059] Other embodiments may be used in forming the 
conductive pads 51, the conductive traces 52, 54, 56, and the 
RF shielding element 58. Other exemplary, non-limiting 
embodiments are described in Us. Pat. No. 6,646,347. 

[0060] FIGS. 8, 9 and 10 include illustrations of a top vieW 
and cross-sectional vieWs of the die 10 after Wires 92 are 
attached betWeen the conductive pads 51 and a lead frame of 
a package substrate (not illustrated), and after Wires 96 are 
attached betWeen the primary pad portions and secondary pad 
portions of adjacent conductive traces. The combination of 
the conductive traces 52, 54, and 56 and the Wires 96 form an 
inductor 90. 
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[0061] FIG. 9 includes a cross-sectional vieW ofa Wire 96 
that is Wire bonded to a primary pad portion 562 and a sec 
ondary pad portion 564 of adj acent conductive traces 56. The 
Wire 96 includes a primary bond 962 that is bonded to the 
primary pad portion 562 and a secondary bond 964 that is 
bonded to the secondary pad portion 564. In one embodiment, 
the Wires 96 can be looped and include intermediate portions 
that are spaced apart from the exposed surfaces of the con 
ductive traces 56 and the shock-absorbing layer 274. A 
dimension 966 is a measure of the maximum distance 
betWeen a particular Wire 96 and the surface of the shock 
absorbing layer 274. As the dimension 966 increases, a larger 
inductor value is realiZed. To achieve higher value inductors, 
taller Wire loops that Would still ?t Within the mold compound 
of a package are desirable. Furthermore, the control of Wire 
bond loop height (i.e., dimension 966) and its shape affect the 
inductor value of the inductor 90. 
[0062] FIG. 10 includes a cross-sectional vieW ofthe die 10 
at sectioning line 10-10 in FIG. 8 to illustrate spatial relation 
ships. As illustrated, the inductor 90 is a non-planar, linear 
inductor and occupies an area of approximately 350 um><350 
pm. In another embodiment, the inductor 90 may occupy less 
area or more area of the die 10. 

[0063] The Wires 92 and the Wires 96 can be attached using 
a conventional or proprietary Wire bonding process. The Wire 
bonding can include ball bonding, Wedge bonding, another 
Wire bonding technique, or any combination thereof. As illus 
trated in the embodiment in FIGS. 8 to 10, ball bonding is 
used. Each of the Wires 92 and the Wires 96 includes a primary 
bond and a secondary bond. The primary bond is the ?rst bond 
of a Wire that is formed, and the secondary bond is the second 
bond of the same Wire. Forming the primary bond and sec 
ondary bond involves heat, force, and ultrasonic scrubbing 
(stress) that is received by the die 10. Forming the secondary 
bonds can involve signi?cantly more mechanical force and 
stress as compared to the primary bonds. 
[0064] The Wires 92 have primary bonds at the conductive 
pads 51 and secondary bonds at the package substrate (not 
illustrated). Further the conductive pads 51 may not overlie 
other interconnects or electrical components (e.g., transis 
tors) formed along the major surface of the die substrate 200. 
[0065] The shock-absorbing layer 274 and relatively 
thicker the conductive traces 52, 54, and 56 (as compared to 
the interconnect 14 and the interconnect 16) help to dissipate 
mechanical force and stress and alloW both the primary and 
second bonds for the Wires 96 to be formed over underlying 
interconnects and electronic components With a reduced like 
lihood of damaging the underlying interconnects and elec 
tronic components. The primary bonds 962 for the Wires 96 of 
the inductor 90 are made at locations closer to the center of the 
die 10 as compared to the Wires 92, Which are closer to the 
edges of the die 10. Also, unlike Wires 92, the secondary 
bonds 964 of the Wires 96 are made over the die substrate 200. 

[0066] FIG. 11 includes an illustration of a cross-sectional 
vieW of a portion of the electronic device to illustrate the 
positional relationships betWeen the inductor 90, including 
the conductive trace 56 and the Wire 96, and the transistor 22, 
the transistor 23, and the interconnects 256 at substantially 
the same location as illustrated in FIG. 2. Note that FIG. 11 is 
not draWn to scale, as the gate electrode 224 of the transistor 
22 and the gate electrode 234 of the transistor 23 may be less 
than approximately 1 um Wide, and the conductive trace 56 
and the Wire 96 may be up to approximately 200 um (approxi 
mately 8 mils) apart. The inductor 90 includes the conductive 
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trace 56 and the Wire 96, and therefore, the inductor 90 over 
lies electronic components (e. g., the transistor 22 and the 
transistor 23) and the interconnects 256 that are electrically 
connected to the electronic components. 

[0067] If needed or desired, in order to reduce the electro 
magnetic radiation reaching the electronic components and 
interconnects, the RF shielding element 58 may be formed at 
a different level as compared to the conductive traces 52, 54, 
and 56. For example, the RF shielding element 58 could be 
formed at the same interconnect level the bonding pads 12, 
the interconnect 14, and the interconnect 16. The RF shield 
ing element 58 may lie betWeen the inductor 90 and the 
underlying electronic components and the interconnects 256. 
In another embodiment, another RF shielding element (not 
illustrated) may lie may lie betWeen the inductor 90 and the 
underlying electronic components and the interconnects 256, 
and be used in conjunction With the RF shielding element 58. 
In another embodiment, a substantially solid sheet of a con 
ductor (as opposed to a grid) can be used. 
[0068] In another embodiment as illustrated in FIGS. 12 
and 13, an electronic device includes a toroidal-shaped induc 
tor 1100 formed from a plurality of linear inductor segments 
that are connected in series. Bonding pads, electronic com 
ponents, and other features are not illustrated in FIGS. 12 and 
13 to simplify understanding of the formation and shape of 
the toroidal-shaped inductor 1100. In one embodiment, con 
ductive traces 1156 and RF shielding elements 11582, 11584, 
and 11586 have the shapes as illustrated in FIG. 12. One of the 
conductive traces 1156 has a via portion 1122 for the toroidal 
shaped inductor 1100, and another of the conductive traces 
1156 has another via portion 1124 for the toroidal-shaped 
inductor 1100. The via portion 1122, the via portion 1124, or 
any combination thereof, are electrically connected to a com 
ponent Within the electronic device, to a location external to 
the die substrate, or both. For the conductive traces 1156, the 
primary pad portions closer to the center of the toroidal 
shaped inductor 1100 are smaller than the secondary pad 
portions further from the center. The siZe difference can be 
useful in alloWing more processing margin during a subse 
quent Wire-bond operation. 
[0069] The RF shielding elements 11582 have a Y-shape, 
the RF shielding elements 11584 are substantially semi-cir 
cular, and the RF shielding element 11586 surrounds most of 
the toroidal-shaped inductor 1100. Other shapes and layout 
designs for RF shielding elements may be used With the 
toroidal-shaped inductor 1 1 00. For example, the RF shielding 
elements 11584 may be replaced by an octagonal-shaped RF 
shielding element, the RF shielding element 11586 may sur 
round substantially all of the conductive traces 1156, or the 
like. Any or all of the RF shielding elements 11582, 11584, or 
11586 may electrically ?oat or may be biased to a substan 
tially constant voltage. Different voltages may be used for any 
tWo or more of RF shielding elements 11582, 11584, or 
11586. Octagonal-shaped primary and secondary pad por 
tions may replace the simpler square pads of toroidal-shaped 
inductor 1100. Octagon or another higher order polygon is a 
design approximation to circle. The resulting toroid can 
approximate a perfectly circular toroid, provide for single, 
uniform Wire length and alloW larger secondary pad portions 
Without the staggered pad portion layout. 
[0070] Wedge Wire bonds can be formed at a smaller pitch 
When rectangular-shaped primary and secondary pad por 
tions are used. For Wedge bonders, changing bond angles 
sloWs doWn bonding speed. Rectangular pads can be 
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designed to be eight linear segments arranged in an octagon 
shaped toroid similar to FIG. 12. Thus, rather than having to 
rotate the die substrate or rotate bonder head after each Wedge 
bond for circular toroid, at least 2, 3, 4 or more Wires can be 
bonded before rotation. As illustrated in FIG. 13, 5 Wires are 
bonded before having to rotate. The layout helps to shorten 
Wire bonding time and increase equipment throughput. With 
rectangular pads for Wedge Wire bonds, the secondary pad 
portions are substantially the same siZe as primary pad por 
tions, and therefore, there is no need to stagger the pads to 
achieve ?ne pitch pad design to achieve a smaller toroid siZe. 
[0071] The conductive traces 1156 and RF shielding ele 
ments 11582, 11584, and 11586 may be formed using any of 
the embodiments previously described With respect to the 
conductive traces 52, 54, 56 and the RF shielding element 58. 
[0072] Wires 1256 are attached to the conductive traces 
1156 to substantially complete formation of the toroidal 
shaped inductor 1100. The Wires 1256 are attached using any 
of the embodiments as previously described for the Wires 96 
of the inductor 90 in FIGS. 8 and 9. For the conductive traces 
1 156, the primary bonds are made at the pad portions closer to 
the center of the toroidal-shaped inductor 1100, and the sec 
ondary bonds are made at the pad portions farther from the 
center. The toroidal-shaped inductor 1100 includes linear 
inductor segments 1201 through 1208 that are serially con 
nected. 
[0073] After reading this speci?cation, skilled artisans Will 
appreciate that other embodiments are possible. For example, 
the conductive traces 56 are not required. An inductor can be 
formed by bonding a Wire 96 to the primary pad portion 524 
and the secondary pad portion 542. The speci?cation is not 
limited to Wire bonding techniques in Which the secondary 
bond is formed With signi?cantly more force and stress com 
pared to the primary bond. The concepts and designs 
described herein can also be used When the primary bond 
Would be formed using more force or stress as compared to 
the secondary bond. 
[0074] Embodiments as described herein can be used to 
provide bene?ts that overcome the problems With conven 
tional structures and processes. The shock-absorbing layer 
274 helps to reducing the likelihood of damaging underlying 
electronic components and interconnects during a Wire-bond 
operation When forming an overlying inductor, and particu 
larly When making the secondary bonds during Wire bonding. 
Although not required, the shock-ab sorbing layer 274 may be 
formed over the uppermost inorganic insulating layer. If an 
uppermost inorganic layer Would lie betWeen the shock-ab 
sorbing layer 274 and the conductive traces 56, the subse 
quent Wire bonding operation Would have a signi?cantly 
greater risk of fracturing such an uppermost inorganic insu 
lating layer. 
[0075] Additionally, the conductive traces 56, the conduc 
tive traces 1156, or any combination thereof can be signi? 
cantly thicker than the bonding pads 12, the interconnect 14, 
and the interconnect 16. The additional thickness, particu 
larly of a malleable material, such as copper or gold, can 
further help in absorbing shock during a Wire bonding opera 
tion and reduce the likelihood of fracturing underlying inor 
ganic insulating layers. 
[0076] The layout of the inductor 90 and the toroidal 
shaped inductor 1100 alloW for a faster Wire-bond operation. 
The toroidal-shaped inductor 1100 includes a plurality of 
conductive traces 1156 that are substantially parallel to each 
other. The layout can reduce the amount of rotation or tWo 
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dimensional movement betWeen attaching Wires for the 
inductor 90 or the toroidal-shaped inductor 1100. 
[0077] The RF shield elements can help to reduce electro 
magnetic radiation from the inductor from reaching the die 
substrate 200, and therefore, loWer resistivity substrates can 
be used. 
[0078] Many different aspects and embodiments are pos 
sible. Some of those aspects and embodiments are described 
beloW. After reading this speci?cation, skilled artisans Will 
appreciate that those aspects and embodiments are only illus 
trative and do not limit the scope of the present invention. 
[0079] In a ?rst aspect, an electronic device can include a 
substrate, an interconnect level overlying the substrate, and a 
shock-absorbing layer overlying the interconnect level. The 
interconnect level can include a ?rst interconnect and a sec 

ond interconnect, the shock-absorbing layer can include a 
?rst opening over the ?rst interconnect and a second opening 
over the second interconnect. The electronic device can also 
include a ?rst inductor including conductive traces and at 
least one looped Wire. The conductive traces can include a 
?rst conductive trace and a second conductive trace. A ?rst via 
pad portion of the ?rst conductive trace can extend to the ?rst 
opening of the shock-absorbing layer and be electrically con 
nected to the ?rst interconnect, and a primary pad portion of 
the ?rst conductive trace can overlie the shock-absorbing 
layer. A secondary pad portion of the second conductive trace 
can overlie the shock-absorbing layer, and a via portion of the 
second conductive trace can extend to the second opening of 
the shock-absorbing layer and be electrically connected to the 
second interconnect. A ?rst looped Wire of the at least one 
Wire is attached to the primary pad portion of the ?rst con 
ductive trace. The ?rst looped Wire or a second looped Wire of 
the at least one Wire is attached to the secondary pad portion 
of the second conductive trace. 

[0080] In one embodiment of the ?rst aspect, the shock 
absorbing layer includes an organic polymer. In another 
embodiment, the conductive traces include third conductive 
traces overlying the shock-absorbing layer, Wherein each of 
the third conductive traces includes a primary pad portion and 
a secondary pad portion. One looped Wire is bonded betWeen 
the primary pad portions and the secondary pad portions of 
adjacent third conductive traces, Wherein the third looped 
Wires are bonded at areas overlying the shock-absorbing 
layer. In a particular embodiment, for each of the third con 
ductive traces, the primary pad portion is smaller than the 
secondary pad portion. In a more particular embodiment, 
from a top vieW, the primary pad portions of the third con 
ductive traces are oriented along a substantially straight line, 
and the secondary pad portions of the third conductive traces 
are oriented in a staggered formation. 

[0081] In still another embodiment of the ?rst aspect, the 
electronic device further includes an insulating layer overly 
ing the interconnect level and underlying the shock-ab sorbing 
layer, Wherein the insulating layer includes an inorganic 
material, and the insulating layer includes a third opening 
overlying the ?rst interconnect and a fourth opening overly 
ing the second interconnect. In a particular embodiment, the 
interconnect level further includes bonding pads, the insulat 
ing layer includes ?fth openings overlying the bonding pads, 
and the shock-absorbing layer includes sixth openings over 
lying the bonding pads. In a more particular embodiment, the 
insulating layer abuts the ?rst interconnect, the second inter 
connect, and the shock-absorbing layer, the shock-absorbing 
layer includes polyimide and abuts the conductive traces, and 
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the conductive traces include an adhesion/barrier layer and a 
conductive layer. In another more particular embodiment, the 
bonding pads and the conductive traces include gold. 
[0082] In a further embodiment of the ?rst aspect, the elec 
tronic device further includes a radio-frequency shielding 
element adjacent to the ?rst inductor, Wherein the radio 
frequency shielding element is in a form of a grid. In still a 
further embodiment, the ?rst inductor is part of a toroidal 
shape inductor. 
[0083] In a second aspect, an electronic device can include 
a Workpiece and a toroidal-shaped inductor overlying the 
Workpiece. The toroidal-shaped inductor can include linear 
inductor segments that are connected in series, and the linear 
inductor segments include a ?rst linear inductor segment 
having substantially parallel conductive traces and Wires 
electrically connected betWeen the substantially parallel con 
ductive traces. 

[0084] In one embodiment of the second aspect, the Work 
piece includes a shock-absorbing layer, and the substantially 
parallel conductive traces abut the shock-absorbing layer. In a 
particular embodiment, the shock-absorbing layer includes 
polyimide, and the substantially parallel conductive traces 
include an adhesion/barrier layer and a conductive layer. In 
another embodiment, the electronic device further includes a 
radio-frequency shielding element in a form of a grid. In still 
another embodiment, the substantially parallel conductive 
traces include gold. 
[0085] In a third aspect, a process of forming an electronic 
device can include forming an interconnect level overlying a 
die substrate, Wherein the interconnect level includes a ?rst 
interconnect and a second interconnect. The process can also 
include forming a shock-absorbing layer overlying the inter 
connect level, and patterning the shock-absorbing layer to 
de?ne a ?rst opening that exposes the ?rst interconnect and a 
second opening that exposes the second interconnect. The 
process can still further include forming conductive traces. 
The conductive traces can include a ?rst conductive trace and 
a second conductive trace. A via portion of the ?rst conductive 
trace can extend to the ?rst opening of the shock-absorbing 
layer and be electrically connected to the ?rst interconnect, 
and a primary pad portion of the ?rst conductive trace can 
overlie the shock-absorbing layer. A secondary pad portion of 
the second conductive trace can overlie the shock-absorbing 
layer, and a via portion of the second conductive trace can 
extend to the second opening of the shock-absorbing layer 
and be electrically connected to the second interconnect. The 
process can yet further include attaching at least one Wire to 
the conductive traces to form an inductor. A ?rst Wire of the at 
least one Wire can be attached to the primary pad portion of 
the ?rst conductive trace, and the ?rst Wire or a second Wire of 
the at least one Wire can be attached to the secondary pad 
portion of the second conductive trace. 
[0086] In one embodiment of the third aspect, forming the 
shock-absorbing layer includes forming an organic polymer 
layer. In another embodiment, forming the conductive traces 
includes forming third conductive traces overlying the shock 
absorbing layer, Wherein each of the third conductive traces 
includes a primary pad portion and a secondary pad portion. 
The process also includes bonding third Wire betWeen the 
primary pad portions and the secondary pad portions of adja 
cent third conductive traces at areas overlying the shock 
absorbing layer. In a particular embodiment, forming the 
third conductive traces includes forming the third conductive 
traces, Wherein for each of the third conductive traces, the 
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primary padportion has a rectilinear shape, and the secondary 
pad portion has an octagonal shape. 
[0087] In still another embodiment of the third aspect, 
forming the interconnect level includes forming bonding 
pads. The process further includes forming a passivation layer 
over the interconnect level and before forming the shock 
absorbing layer, Wherein the passivation layer includes an 
inorganic material, and patterning the passivation layer to 
de?ne a third opening that exposes the ?rst interconnect, a 
fourth opening that exposes the second interconnect, and ?fth 
openings that expose the bonding pads. Patterning the shock 
absorbing layer includes patterning the shock-absorbing 
layer to de?ne sixth openings that expose the bonding pads. 
The process still further includes forming conductive pads 
over the bonding pads and attaching other Wires betWeen the 
conductive pads and a packaging substrate, Wherein attaching 
the Wires and attaching the other Wires are performed during 
a same operating sequence. 

[0088] In a further embodiment, forming the conductive 
traces includes forming a seed layer over the shock-absorbing 
layer and Within the ?rst opening and the second opening, 
forming a patterned layer over the seed layer, Wherein the 
patterned layer includes third openings corresponding to a 
pattern for the conductive traces, forming a conductive layer 
over the seed layer Within the third openings, removing the 
patterned layer to form exposed portions of the seed layer, and 
removing the exposed portions of the seed layer, Wherein the 
conductive traces include remaining portions of the seed layer 
and the conductive layer. In another further embodiment, 
forming the conductive traces includes forming the conduc 
tive traces that include gold 
[0089] Note that not all of the activities described above in 
the general description or the examples are required. A por 
tion of a speci?c activity may not be required, and that one or 
more further activities may be performed in addition to those 
described. Still further, the order in Which activities are listed 
is not necessarily the order in Which they are performed. 
[0090] The illustrations of the embodiments described 
herein are intended to provide a general understanding of the 
structure of the various embodiments. The illustrations are 
not intended to serve as a complete description of all of the 
elements and features of apparatus and systems that utiliZe 
the structures or methods described herein. Many other 
embodiments may be apparent to those of skill in the art upon 
revieWing the disclosure. Other embodiments may be utiliZed 
and derived from the disclosure, such that a structural substi 
tution, logical substitution, or another change may be made 
Without departing from the scope of the disclosure. Addition 
ally, the illustrations are merely representational and may not 
be draWn to scale. Certain proportions Within the illustrations 
may be exaggerated, While other proportions may be mini 
miZed. Accordingly, the disclosure and the ?gures are to be 
regarded as illustrative rather than restrictive. 

[0091] One or more embodiments of the disclosure may be 
referred to herein, individually or collectively, by the term 
“invention” merely for convenience and Without intending to 
voluntarily limit the scope of this application to any particular 
invention or inventive concept. Moreover, although speci?c 
embodiments have been illustrated and described herein, it 
should be appreciated that any subsequent arrangement 
designed to achieve the same or similar purpose may be 
substituted for the speci?c embodiments shoWn. This disclo 
sure is intended to cover any and all sub sequent adaptations or 
variations of various embodiments. Combinations of the 
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above embodiments, and other embodiments not speci?cally 
described herein, Will be apparent to those of skill in the art 
upon reviewing the description. 
[0092] The Abstract of the Disclosure is provided to com 
ply With 37 C.F.R. § l.72(b) and is submitted With the under 
standing that it Will not be used to interpret or limit the scope 
or meaning of the claims. In addition, in the foregoing 
Detailed Description, various features may be grouped 
together or described in a single embodiment for the purpose 
of streamlining the disclosure. This disclosure is not to be 
interpreted as re?ecting an intention that the claimed subject 
matter requires more features than are expressly recited in 
each claim. Rather, as the folloWing claims re?ect, inventive 
subject matter may be directed to less than all of the features 
of any of the disclosed embodiments. Thus, the folloWing 
claims are incorporated into the Detailed Description, With 
each claim standing on its oWn as de?ning separately claimed 
subject matter. 
[0093] Bene?ts, other advantages, and solutions to prob 
lems have been described above With regard to speci?c 
embodiments. HoWever, the bene?ts, advantages, solutions to 
problems, and any feature(s) that may cause any bene?t, 
advantage, or solution to occur or become more pronounced 
are not to be construed as a critical, required, or essential 
feature of any or all the claims. 
[0094] It is to be appreciated that certain features are, for 
clarity, described herein in the context of separate embodi 
ments, may also be provided in combination in a single 
embodiment. Conversely, various features that are, for brev 
ity, described in the context of a single embodiment, may also 
be provided separately or in any subcombination. Further, 
reference to values stated in ranges includes each and every 
value Within that range. 
[0095] The above-disclosed subject matter is to be consid 
ered illustrative, and not restrictive, and the appended claims 
are intended to cover any and all such modi?cations, enhance 
ments, and other embodiments that fall Within the scope of the 
present invention. Thus, to the maximum extent alloWed by 
laW, the scope of the present invention is to be determined by 
the broadest permissible interpretation of the folloWing 
claims and their equivalents, and shall not be restricted or 
limited by the foregoing detailed description. 
What is claimed is: 
1. An electronic device comprising: 
a substrate; 
an interconnect level overlying the substrate, Wherein the 

interconnect level comprises 
a ?rst interconnect and a second interconnect; 

a shock-absorbing layer overlying the interconnect level, 
Wherein the shock-absorbing layer includes a ?rst open 
ing over the ?rst interconnect and a second opening over 
the second interconnect; and 

a ?rst inductor including conductive traces and at least one 
looped Wire, Wherein: 
the conductive traces include a ?rst conductive trace and 

a second conductive trace; 
a ?rst via pad portion of the ?rst conductive trace extends 

to the ?rst opening of the shock-absorbing layer and is 
electrically connected to the ?rst interconnect, and a 
primary pad portion of the ?rst conductive trace over 
lies the shock-absorbing layer; 

a secondary pad portion of the second conductive trace 
overlies the shock-absorbing layer, and a via portion 
of the second conductive trace extends to the second 
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opening of the shock-absorbing layer and is electri 
cally connected to the second interconnect; 

a ?rst looped Wire of the at least one Wire is Wire bonded 
to the primary pad portion of the ?rst conductive 
trace; and 

the ?rst looped Wire or a second looped Wire of the at 
least one Wire is Wire bonded to the secondary pad 
portion of the second conductive trace. 

2. The electronic device of claim 1, Wherein the shock 
absorbing layer comprises an organic polymer. 

3. The electronic device of claim 1, Wherein: 
the conductive traces include third conductive traces over 

lying the shock-absorbing layer; 
each of the third conductive traces includes a primary pad 

portion and a secondary pad portion; and 
the at least one looped Wire include third looped Wires 

bonded betWeen the primary pad portions and the sec 
ondary pad portions of adjacent third conductive traces, 
Wherein the third looped Wires are bonded at areas over 
lying the shock-absorbing layer. 

4. The electronic device of claim 3, Wherein for each of the 
third conductive traces, the primary pad portion is smaller 
than the secondary pad portion. 

5. The electronic device of claim 4, Wherein from a top 
vieW: 

the primary pad portions of the third conductive traces are 
oriented along a substantially straight line; and 

the secondary pad portions of the third conductive traces 
are oriented in a staggered formation. 

6. The electronic device of claim 1, further comprising an 
insulating layer overlying the interconnect level and underly 
ing the shock-absorbing layer, Wherein: 

the insulating layer includes an inorganic material; and 
the insulating layer includes a third opening overlying the 

?rst interconnect and a fourth opening overlying the 
second interconnect. 

7. The electronic device of claim 6, Wherein: 
the interconnect level further comprises bonding pads; 
the insulating layer includes ?fth openings overlying the 

bonding pads; and 
the shock-absorbing layer includes sixth openings overly 

ing the bonding pads. 
8. The electronic device of claim 7, Wherein: 
the insulating layer abuts the ?rst interconnect, the second 

interconnect, and the shock-absorbing layer; 
the shock-absorbing layer includes polyimide and abuts 

the conductive traces; and 
the conductive traces include an adhesion/barrier layer and 

a conductive layer. 
9. The electronic device of claim 7, Wherein the bonding 

pads and the conductive traces comprise gold. 
10. The electronic device of claim 1, further comprising a 

radio -frequency shielding element adjacent to the ?rst induc 
tor, Wherein the radio-frequency shielding element is in a 
form of a grid. 

11. The electronic device of claim 1, further comprising an 
electronic component lying at least partly Within the sub 
strate. 

12. The electronic device of claim 1, further comprising a 
?rst transistor lying beloW the ?rst looped Wire. 

13. The electronic device of claim 12, Wherein the ?rst 
transistor is at least partly disposed Within a Well region. 
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14. The electronic device of claim 12, further comprising a 
second transistor that does not lie below the ?rst looped Wire. 

15. The electronic device of claim 1, Wherein the ?rst 
inductor is part of a toroidal-shape inductor. 

16. An electronic device comprising: 
a Workpiece; and 
a toroidal-shaped inductor overlying the Workpiece, 

Wherein: 
the toroidal-shaped inductor includes linear inductor 

segments that are connected in series; and 
the linear inductor segments include a ?rst linear induc 

tor segment having substantially parallel conductive 
traces and Wires electrically connected betWeen the 
substantially parallel conductive traces. 
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17. The electronic device of claim 16, Wherein: 
the Workpiece includes a shock-absorbing layer; and 
the substantially parallel conductive traces abut the shock 

absorbing layer. 
18. The electronic device of claim 17, Wherein: 
the shock-absorbing layer includes polyimide; and 
the substantially parallel conductive traces include an 

adhesion/barrier layer and a conductive layer. 
19. The electronic device of claim 16, further comprising a 

radio-frequency shielding element in a form of a grid. 
20. The electronic device of claim 16, Wherein the substan 

tially parallel conductive traces comprise gold. 

* * * * * 


